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SUMMARY
The Search for Extraterrestrial Intelligence, currently being planned by NASA, will require that
an enormous amount of data be analyzed in real time by special-purpose hardware, and it is expected
that overlapped Hann data windows will play an important role in this analysis. In order to understand
the statistical implications of this approach, it has been necessary to compute detection statistics for
overlapped Hann spectra. Tables of signal detection statistics are given for false alarm rates from 10-14
to 10 -1 and signal detection probabilities from 0.50 to 0.99; the number of computed spectra ranges
from 4 to 2000.
INTRODUCTION
The Search for Extraterrestrial Intelligence (SETI), currently being planned by NASA, will require
that an enormous amount of data be analyzed in real time by special-purpose hardware, and it is
expected that overlapped Hann (sometimes called Hanning) data windows will play an important role
in this analysis. (A discussion of signal processing in SETI, and arguments for using overlapped Hann
spectra, are given in refs. 1 and 2, and a good technical discussion of overlapped Hann spectra is given
by Harris in ref. 3.) In order to understand the statistical implications of this approach, it has been
necessary to compute detection statistics for overlapped Hann spectra. The main purpose of this report
is to present tables of signal detection statistics for overlapped Harm spectra and demonstrate how to
use them. Tables are given for false alarm rates from 10 -14 to 10-1 and signal detection probabilities
from 0.50 to 0.99; the number of computed spectra ranges from 4 to 2000 (tables 1-14).
This work was funded in part by NASA #NCC 2-580 at Ames Research Center.
METHOD OF COMPUTATION
The statistical parameters are found by integrating the characteristic function _ to find the cu-
mulative distribution function F. Given the characteristic function, there are several ways to find the
cumulative distribution function and the probability density function f (ref. 4, chap. 29). Three different
methods have been used, as a cross-check to guard against programming mistakes. One of the more
useful approaches is to compute the cumulative distribution directly from the characteristic function:
1 1 Im(e_  F(z) - 2 _ w
All of the needed statistical parameters can be found by using this equation, although this is a
tricky integral for two reasons: the integral is an oscillatory integral, and the upper limit is infinity.
These problems can be overcome by using Q-precision Gauss-Legendre quadrature and determining an
"effective infinity" related to the number of computed spectra. The appropriate characteristic function,
which is quite complicated, is discussed in some detail by Deans, Cullers, and Stauduhar (ref. 2).
USE OF THE TABLES
Use of the tables is straightforward. The quantity m represents the number of computed spectra.
This is related to the number n of independent spectra by m = 2n - 1 when there is a 50% overlap
and end effects are included. (Here it is assumed that the probability density function for the n sample
average of the output of a square-law detector is a noncentral chi-square distribution with 2n degrees
of freedom.) If r represents the threshold, then the false alarm probability is given by
fT °°Pfa = f(x)dx
where f(x) is the central overlapped Harm probability density function with 2rn degrees of freedom,
normalized so the mean noise power is unity. In the tables this threshold is expressed in decibels (dB),
T(dB) = 101oglo r
Given the threshold, the detection probability can be computed in terms of the signal-to-noise ratio
r. This ratio is often expressed in decibels,
SNR(dB) = 101oglo r
The detection probability is found by integrating the noncentral probability density function for
overlapped Hann spectra,
Pd = g(x,r)dx
EXAMPLE. Suppose Pfa - 10-12 and m = 500. The signal-to-noise ratio that yields a detection
probability of 0.50 is -4.4235 dB.
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Table 1.OverlapHann,Pfa = 10-1
Spectra Threshold Signal-to-Noise Ratio (dB) for given Pa







































































































































































































































Signal-to-Noise Ratio (dB) for given Pa



















































































































6Table 3. Overlap Hann, Pfa = 10-3
Spectra Threshold Signal-to--Noise Ratio (dB) for given Pa







































































































































































































Table 4. Overlap Hann, Pfa = 10-4
Threshold Signal-to-Noise Ratio (dB) for given Pa














































































































































Table 5. Overlap Hann, P.fa = 10-5
Spectra Threshold Signal-to--Noise Ratio (dB) for given Pd










































































































































































Table6. OverlapHann,P.fa = 10-6
Spectra Threshold Signal-to--Noise Ratio (dB) for given Pa











































































































































































































Table 7. Overlap Hann, Pfa = t0-7
Threshold Signal-to-Noise Ratio (dB) for given Pa














































































































































Table8. OverlapHann,Pfa = 10-8
Spectra Threshold

















































































































































































































































































































































































Table 10. Overlap Hann, Pfa = 10-10
Threshold


















































































































































Table 11. Overlap Hann, Pfa = I0-11
Spectra Threshold SignM-to-Noise Ratio (dB) for given Pd











































































































































































Spectra Threshold Signal-to-Noise Ratio (dB) for given Pd




























































































































































































































































































































































Spectra Threshold Signal-to--Noise Ratio (dB) for given Pd
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